A new seminested PCR typing assay has been extended to identify the important veterinary rotavirus serotypes G5, G6, G10, and Gll, as well as the rare human serotype G8. The specificity of the method was evaluated with 30 standard laboratory strains of the Gl to G6 and G8 to Gll types. Rotavirus strain types G6 and G8, not previously recognized in pigs, were identified in field specimens of porcine origin.
Group A rotaviruses are the leading cause of acute gastroenteritis in children and young animals of many species throughout the world. Development of a safe and efficacious pediatric vaccine is needed to control severe dehydrating disease and prevent costly hospitalization (4) . Several candidates of live animal rotavirus strains or reassortants containing the VP7 gene of the major human serotypes in an animal background virus have been evaluated in clinical trials with various degrees of success.
The rotavirus genome consists of 11 segments of doublestranded RNA surrounded by double-shelled capsids. The outer capsid contains two proteins, VP7 and VP4, that independently evoke neutralizing antibodies, although their relative importance in protective immunity in humans has yet to be established (4) . Classification of rotaviruses is based on the specificity of the viral VP7 antigen, or G serotype, and its VP4 antigen, or P serotype. To date, 14 G serotypes have been defined by neutralization assays with hyperimmune sera: 13 in mammals, including the newly described human G12 and equine G13 and G14, and one serotype (G7) in birds (1, 4, 20) . Serotypes Gi to G4 have been most frequently associated with diarrhea in humans and constitute the targets of current vaccine development, whereas the less common human serotypes G8 and G9 have been only rarely associated with disease. Natural infections with those G types, however, have not been restricted to humans; they have also been recovered from a few animal host species or, in the case of serotype G3, from a variety of species (4, 10) . Rotavirus serotypes G6 and G10 are major bovine pathogens that have recently been recovered from diarrheic children and healthy human neonates (2, 5, 22) . Serotypes G5 and Gll have been prevalent in pigs, although G5 has also been recovered from horses with acute gastroenteritis (1 1).
Determination of rotavirus serotypes has been classically performed by neutralization assay of cell-adapted strains or has been performed directly with clinical specimens by enzyme immunoassay with neutralizing monoclonal antibodies (4, 14) . Recently, molecular methods, such as probe hybridization and PCR amplification, have been developed to type rotaviruses (7, 16, 17) . Genotyping has gained widespread acceptance as an alternative approach to rotavirus serotyping. It correlates well with viral antigenic specificity, uses universal synthetic reagents, and allows rapid examination of a large number of specimens.
We have extended our original PCR typing assay developed to characterize human rotavirus serotypes (7) to embrace the veterinary-relevant serotypes G5, G6, G10, and Gll. We describe here a new and complementary assay that includes an improved means of identifying the G8 serotype.
Thirty well-characterized, cell-culture-adapted animal and human rotaviruses of known G serotypes were used to develop and test the new G typing assay. The following animal rotaviruses were used: G6 bovine strains WC3, NCDV, UK, OK, C486, and B641; GlO bovine strains B223 and Cr; G5 porcine strains OSU and EE and G5 equine strain H1; G4 porcine strains Gottfried and SB1A; G3 equine strains H2 and FI14; and Gll porcine strain YM. The following human rotaviruses were used: Gi strains Wa, 0, and M37; G2 strains DS1, RV5, and SC2; G3 strains P and HCR3; G4 strains Hochi and CC4; G8 strains 69M and B37; and G9 strains W161 and F45. In addition, 15 fecal specimens of an unknown G type obtained from field outbreaks of rotavirus diarrhea in cattle (8 samples) and in pigs (7 samples) in the United States were tested with the new PCR typing assay.
Rotavirus double-stranded RNA was extracted and purified by treatment with guanidinium isothiocyanate, hydroxyapatite, and cetyltrimethylammonium bromide, as described by Santos and Gouvea (18) , and was used as the template for reverse transcription and first PCR amplification as previously described (7) . Primer Beg9 and a degenerate mixture of End9 primers (dEnd9) (8) were used to amplify full-length copies of the rotavirus VP7 gene under PCR conditions of 30 cycles of 94°C for 1 min, 42°C for 2 min, and 72°C for 1 min. Aliquots of 0.2 RI, or, preferably, 2 [lI of a 1:100 dilution, of the first PCR product were subjected to the seminested PCR typing assay with the A pool of primers. This pool consisted of the sense typing primers FT5, DT6, HT8, ET10, and BT11 specific for the serotypes G5, G6, G8, G10, and G11, respectively, and the conserved antisense primer sBeg9, which is a shorter version of primer Beg9. The sequences of the typing primers, their positions in the genomic segment, the prototype viruses from which the sequences were taken, and the expected segment lengths are displayed in Table 1 and Fig. 1 . Amplification was performed essentially as described previously (7) under the following PCR conditions: 25 cycles of denaturing at 94°C for 1 min, annealing at 55°C for 2 min, and extension at 72°C for Excellent specificity was obtained with the A pool of typing primers, as shown for the prototype G strains in Fig. 2 . Thus, a single amplicon of the expected size was obtained for each G5, G6, G8, GIO, or GIl strain; no amplification was obtained for strains of other G types (Gl to G4 and G9). The serotypes of the other 20 well-characterized laboratory strains of animal and human rotavirus of serotypes GI to G6 and G8 to GIl were correctly identified (or were appropriately not amplified) by the new method, attesting to its specificity and validity. Similar results were obtained when each of the newly designed typing primers that constitute the A pool was used singly with the generic sBeg9 primer in individual PCR typing assays. The only exception was primer FT5, which weakly amplified G8 strains 69M and B37. This was not surprising, since oligonucleotide primer FT5 has only three mismatches with the nucleic acid sequences of G8 strains, which is about the limit of mismatches tolerated at the chosen annealing temperature of 55°C. In the presence of G8-specific primer HT8, as in the A pool, however, this cross-amplification is completely eliminated because the shorter segment amplified by HT8 is preferentially formed over the larger segment amplified by FT5. Selection of the new typing primers was based on our original strategy devised to identify human G serotypes (7) . Thus, each type-specific primer was derived from a distinct variable region in the VP7 gene. These variable regions are discrete nucleic acid sequences characteristic of each G type and presumed to encode type-specific epitopes on VP7 (4 to 774) and those between G8 and G3 in region E (nucleotides 477 to 505) (9) . Sharing of variable regions between types presented some difficulties in the designing of type-specific primers and resulted in amplification of G8 strains by the G3-specific primer aET3 in our original PCR typing assay (7) and by G5-specific primer FT5, if used singly, in the present study. We have therefore designed a new G8-specific primer, HT8, to be included in the A pool of primers to completely eliminate amplification of G8 strains by FF5 primer in the present PCR A typing assay and to provide a means of confirming G8 strains identified by the previous PCR typing method.
We examined 15 field specimens of bovine and porcine origins by the PCR A typing assay. All bovine fecal specimens had rotavirus strains of the conventional bovine types G6 (six specimens) and GIO (one specimen) or a mixture of both (one specimen). On the other hand, quite diverse and unusual types were found in the limited number of porcine fecal specimens. One was of the common porcine serotype G5, but two were G6, one was G8, and three remained untypeable. The presence of G5 and G6 rotaviruses in those specimens was confirmed by enzyme immunoassay with a panel of monoclonal antibodies specific for serotypes GI to G6 (14) . The G8 sample was unreactive in the enzyme immunoassay but was recognized by primers ET3 and FF5 in individual PCR assays, as would be expected for a G8 rotavirus strain (see above). Cell adaptation and further analyses of these viruses are under way. Types G6 and G8 have not been previously recognized in pigs. G6, the most prevalent bovine serotype, has recently been recovered from two children with gastroenteritis in Italy (5), whereas G8, a serotype first described in children in Indonesia (13) and later described in Europe (6) , has been recovered from cattle in Thailand (21), Scotland (19) , and the United States (15) . Although a novelty, the finding of type G6 and G8 rotavirus strains in pigs is not surprising in view of accumulating evidence for occasional but widespread transmission of group A rotaviruses from one animal species to another in nature (10, 22) . The availability of molecular methods to identify rotavirus genotypes, such as the one described here, as an alternative to serotyping had facilitated and should intensify studies on the occurrence and distribution of individual G types in different animal populations.
